Recent reports describing lymphatic vasculature in the meninges have challenged the traditional understanding of interstitial solute clearance from the central nervous system, although the significance of this finding in human neurological disease remains unclear. To begin to define the role of meningeal lymphatic function in the clearance of interstitial amyloid beta (Aβ), and the contribution that its failure may make to the development of Alzheimer's disease (AD), we examined meningeal tissue from a case series including AD and control subjects by confocal microscopy. Our findings confirm the presence of lymphatic vasculature in the human meninges and indicate that, unlike perivascular efflux pathways in the brain parenchyma in subjects with AD, Aβ is not deposited in or around meningeal lymphatic vessels associated with dural sinuses. Our findings demonstrate that while the meningeal lymphatic vasculature may serve as an efflux route for Aβ from the brain and cerebrospinal fluid, Aβ does not deposit in the walls of meningeal lymphatic vessels in the setting of AD.
Introduction
Alzheimer's disease (AD) is the leading cause of dementia worldwide and is diagnosed histopathologically by the presence of intracellular neurofibrillary tangles and extracellular amyloid beta (Aβ) plaques (Glabe, 2005; Selkoe, 2001) . In sporadic AD, production of Aβ remains relatively stable during the aging process, yet the slowing of Aβ clearance observed among aging and AD subjects suggests that impairment of endogenous Aβ clearance may underlie Aβ deposition in the human brain (Mawuenyega et al., 2010; Patterson et al., 2015) . Aβ is removed from the brain interstitium through several mechanisms, including local cellular degradation, receptor-mediated efflux across the blood-brain barrier, and perivascular exchange into the cerebrospinal fluid (CSF) compartment via the glymphatic system (Iliff et al., 2012; Ramanathan et al., 2015; Tarasoff-Conway et al., 2015) .
The characterization of a meningeal lymphatic vascular system in mice has important implications for our understanding of interstitial homeostasis in the brain and central nervous system (CNS), CSF physiology, and CNS immune surveillance (Aspelund et al., 2015; Iliff et al., 2015; Louveau et al., 2015) . These findings were recently confirmed in three human subjects and in nonhuman primates by Absinta et al. (2017) who visualized the meningeal lymphatic network by contrast-enhanced magnetic resonance imaging and immunohistochemical detection of meningeal lymphatic vessels with molecular markers of lymphatic endothelial cells. In both mice and humans, meningeal lymphatic vessels are distributed along large blood vessels and cranial nerves in the dura mater, reflecting patterns observed in the peripheral lymphatic vasculature. In mice, meningeal lymphatic vessels absorb macromolecules from the brain and CSF and transport these solutes to the deep cervical lymph nodes (DCLNs). This efflux route provides an anatomical basis for the experimental observation that molecules introduced into the CNS accumulate in the DCLNs (Boulton et al., 1999; Bradbury and Cole, 1980; Cserr et al., 1992) . Although meningeal lymphatic function remains largely unexplored, this pathway is speculated to play an important role in the clearance of pathological waste products such as Aβ from the brain https://doi.org/10.1016/j.bbi.2018.07.020 Received 6 March 2018; Received in revised form 23 July 2018; Accepted 24 July 2018
